The purpose of the present project was to analyse the costs incurred by the implementation of JACIE standards at a University Hospital with 1000 beds, performing some 40 autologous transplants per year. The cost analysis was performed on the basis of a prospective assessment of the time spent by all staff members involved with the implementation over a 14-month period of the quality management system (QMS) required by the JACIE standards. Two physicians worked on JACIE Section A (management ¼ 82 h), one physician and two nurses for section Ba (clinical unit adults ¼ 125.75 h), two physicians and three nurses for section Bp (clinical unit paediatrics ¼ 206 h), one physician, two nurses and one technician for section C (progenitor cell collection facility ¼ 105.75 h), and one physician and two technicians for section D (progenitor cell processing facility ¼ 426 h). The total time spent on the project amounted to 945.5 h with a total salary cost of h150 000. We concluded that implementation of the JACIE standards was accomplished within a 14-month period with a financial impact of approximately h150 000. The impact on quality parameters (eg clinical and laboratory end points, side effects) on HPC transplantation will be assessed in a second report after the first year of practical implementation.
a cost analysis concerning the implementation of these Standards at our centre, a mid-sized University Hospital with a total of close to 1000 beds, performing some 40 autologous haematopoietic progenitor cell (HPC) transplantations per year in adults and children. The reasons why our centre implemented the Standards in this early phase can be summarized as follows:
In 2001, the Swiss Federal Social Security Office (OFAS, 'office fe´de´ral des assurances sociales') decided that in the future, haematopoietic progenitor cell transplants would be covered by health insurance only if performed in centres with an appropriate quality management system (QMS). STABMT (Swiss Transplant Working Group for Bone Marrow Transplantation), representing all Swiss centres performing HPC-transplantation, chose the international European JACIE standards for this purpose. Swiss centres were inspected for accreditation for the first time in 2004 by EBMT and STABMT inspectors, following JACIE inspection procedures.
JACIE standards derive from those of the American FAHCT (Foundation for the Accreditation of Haematopoietic Cell Therapy), now known as FACT. These standards aim to promote and maintain the quality of medical and laboratory practice in HPC-transplantation. The first edition was published in 1996, and an inspection and accreditation programme was set up in North America in June 1997. Soon after a similar body (JACIE) was established in Europe jointly by EBMT and ISHAGEEurope (now known as International Society for Cell Therapy or ISCT) and their documentation was approved by EBMT and ISHAGE-Europe in 1998 and finalized in 1999. 1 The second edition of the JACIE standards, based on the second edition of the FACT standards, was published in June 2003.
In North America, a first report on the outcome of onsite inspections of 76 HPC-transplantation programmes by FACT has been published. 2 Oral reports concerning the first audits/inspections by JACIE in Europe were presented at the EBMT meeting in Montreux (CH) in 2002. These reports summarized the first experiences concerning accreditation, focusing on the most common deficiencies observed during on-site inspections. However until now, there are no studies evaluating the financial aspects of the implementation of such QMS.
In North America, the FAHCT-accreditation fee including both clinical and laboratory facilities amounts to $16 500 3 and in Switzerland, the JACIE accreditation fee amounts to h6666. Since no further financial aspects have been reported so far beside the accreditation fees, we planned a prospective cost analysis for implementation of the JACIE standards at our centre. In health systems many different QMSs have been created in the past, but few reports address direct and total costs of quality measures. 4, 5 This report represents a first step in a comprehensive cost analysis with the general goal of correlating all costs of implementing and maintaining quality measures, including risk prevention and improvement projects in the field of HPC transplantation.
In the present analysis, we report on the costs inferred by the implementation of the JACIE standards over a time period of 14 months. We quantified the number of persons involved in the process of building up the QMS required by the JACIE standards, and the time they spent on this task. The costs of maintaining these quality measures, including risk prevention, quality measurements and improvement projects will be registered prospectively, analysed and presented in a second report after the first year of practical implementation of the Standards.
Material and methods

Study design
All staff members involved in the implementation process of JACIE standards were briefed about the aim of the present study before it started in January 2002. Each collaborator received a checklist in which she/he entered working hours spent on four main activities, that is, document writing, attending management or section meetings and other relevant activities such as other meetings, phone calls, reading. Management meetings comprised all meetings relevant to the planning of the programme as a whole. Section meetings were those which concerned single sections as defined by the JACIE accreditation manual (1st edn): 6 Section A ¼ management, B ¼ clinical unit, C ¼ cell collection facility, D ¼ cell processing facility. Checklists were collected monthly and controlled for accuracy by the Quality Manager.
Quality management system
It is mandatory that the introduction of JACIE standards is embedded in an accompanying QMS, the type of which is at the discretion of each centre. In our case, we chose a QMS compatible with the hospital's overall quality strategy (QMS responding to international Standards, compatible with each other, user friendly and administrable with the same computer software), and implementation of the JACIE standards was planned in close collaboration with the hospital's Quality Commission. As cell collection and cell processing facilities were already accredited according to the European norm EN ISO/IEC 17025, we followed this system for the whole HPC-transplant programme. Since JACIE standards are less stringent than the ISO system with regard to details in sections A (management) and B (clinical activity), we limited the number of documents to those requested by the JACIE standards. Thus, 43 documents (descriptions, guidelines, Standard Operating Procedures (SOP), lists, etc) had to be written for section A, 67 for section Ba, 67 for section Bb, 22 for section Ca, 22 for section Cb and 262 for section D. Regular staff members who were directly responsible for each of the different processes authored the required documents which were controlled by the Q-manager and archived in paper form. Milestones were set to assure that the project would be finished in a 14-month period. During the time of the study, our Q-manager coordinated the building up of the QMS and followed a specific 12-month training in quality management (organized by the Swiss Hospital Association 'H þ ', diploma in December 2002).
Cost analysis
The present cost analysis (first step of our project) concerns the setting-up of the QMS and the implementation of the JACIE standards over a total period of 14 months ( The salary of the Q-Manager was transcribed from the payroll as a whole, and the expenses for the external quality consultant were also entered. On the basis of the annual salary of each staff-member, costs/h were calculated as follows: maximal allowed number of working h/week at our hospital for technicians are 42 h, for nurses 43 h, and for physicians 55 h. Division of monthly salaries by working hours yielded the following estimates: h80 for Heads of Departments, h66 for senior attending physicians, h55 for attending physicians, h42 for head nurses, h30 for nurses, h35 for chief technicians, and h30 for technicians. These figures were entered in the checklist reports for calculation of total costs.
Transplants
Autologous transplants only are performed at our centre. Paediatric and adult patients are treated by two different teams on two different wards. Cell collection and processing facilities as well as administration are shared by both teams.
Progenitor cell processing facility
Our progenitor cell facility processes 50-60 autologous haematopoietic progenitor cell products (apheresis and bone marrow) per year. Most products are cryopreserved and stored according to standard procedures (red cell/ plasma depletion). CD34-selection is performed five to 10 times per year according to the number of patients included Start of the present cost-analysis study, which covered the whole period from the start of the setting-up of the QMS to the final implementation of JACIE standards. A full-time Qmanager was hired to help in the coordination of the project. A list of QMS-documents needed to meet JACIE standards was established, and the persons responsible for the documentation of different processes (physicians, nurses, technicians) were designated. The quality-management of our University Hospital, as well as the Heads of the different Departments involved were regularly informed about the project (Figure 1 ).
Changes
Implementation of JACIE standards at our centre was not accompanied by major changes in working procedures either in clinical units or in the laboratories, as our practical activity already conformed with the requested quality standards. Facilities did not require improvement, as they already met the requirements of JACIE and of the Swiss Authorities. One additional monthly meeting had to be set up (programme-management meeting) where the programme director could meet all medical directors involved in the programme, and where central coordination and case review could be implemented. All other reviews requested by the quality plan (of treatment protocols, side effects, cell-release procedures, etc) could be integrated into the various meetings already taking place in the different clinics and laboratories. However, a protocol system for those meetings had to be implemented to keep track of the decisions and to allow conformity archiving. Writing of the QMS-documents (descriptions, guidelines, Standard Operating Procedures (SOP), lists, protocols, etc) represented the major time investment by all staff members involved in this project.
Costs
Over a 14-month period the regular staff invested a total of 940.75 working hours in development and implementation of the JACIE standards. Physicians spent 428 h, nurses 197.5 h and technicians 315.25 h (Figure 2 ). 
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A closer analysis shows how many and in what capacity staff members per clinic or laboratory were actively involved in this project: two physicians worked a total of 82 h in programme management (section A), two physicians and two nurses worked a total of 125.75 h in the adult clinic section (section Ba), two physicians and three nurses worked a total of 206 h in the paediatric clinic section (section Bp) and collection facility (section Cp), one physician, two nurses and one technician worked a total of 105.75 h in the adult cell collection section (section Ca), and one physician and two technicians worked a total of 426 h in the cell processing section D. Figure 3 shows what tasks were accomplished during working hours: 572.25 h were spent on writing documents, 142 h on management meetings (planning of the entire programme), 186.25 h on section meetings (planning and teaching inside each section) and 40.25 h on various other tasks leading to a total amount of 945.5 h.
Total costs for setting up and implementing the JACIE standards are summarized in Table 1 . A total amount of h110 326 salary costs was used for section A, h6097 for section Ba, h11 453 for section Bp, h4800 for section C and h16 215 for section D. Including the salary of the Quality Manager and expenses for the external Quality Consultant, total costs for the entire process amounted to h148 981 over the time period of 14 months.
Discussion
Structure and organization
It should be emphasized at the outset that implementation of JACIE standards at our centre was not accompanied by major changes in working procedures either in the clinical units or in the laboratories, as our practical activity already conformed with the requested quality standards. However, accurate documentation of the processes was mostly missing, and writing of relevant documents represented the major time investment of all staff-members involved in Implementation of JACIE standards D Zahnd et al this project. In addition to writing documents, implementation of JACIE standards had the following impacts on every-day activities of our HPC-transplantation centre: working within strict demands of a QMS induced profound changes in the behaviour and mentality of all employees. Traditionally, every QMS rests on three fundamental principles; (1) the requirement of a clear definition of objectives, responsibilities, hierarchies, competencies, processes and available resources; (2) the continuous registration of all discrepancies between planned goal and result; and (3) the launching of corrective measures to eliminate discrepancies. 8 Staff members had to be introduced to the concept of 'quality loop' (plan, do, check, act), which necessitated several teaching hours (designated as 'section meetings' in Figure 3 ). The impact of working within the constraints of a QMS on our HPC-transplantation units could be summarized as follows. On the positive side and classified in order of importance: (1) clear definition and documentation of all processes (including validation) of both clinics and laboratories as well as clear designations of responsibilities at each step of the processes; (2) production of reliably written documents to be used for information and teaching of new staff members (an important point in the setting of a University Hospital with a high staff turnover); and (3) systematic analysis of all nonconformity reports which allowed systematic correction. On the negative side, we noted the following: (1) insufficient compliance of untrained staff members with the demands of the QMS, particularly among professionals trained before the area of QMS who were sometimes hostile to external control of their activity, which was interpreted as directive and intrusive. A great amount of time and energy had to be invested into teaching and team motivation; (2) building up the QMS and implementing JACIE standards represented an overwhelming amount of administrative work for staff members involved ( Figure 2 ) who often had to undertake over-time. In summary, building-up a QMS initiated a process of completely new attitudes and culture at our centre, although no structural changes were necessary for the HPC-transplantation procedures themselves. A new thinking strategy -working, controlling the work, analysing outcome and starting corrective measures -had to be introduced at all levels of the HPCtransplantation programme, a change not welcomed by everybody. To overcome resistance to change demanded many teaching hours by experienced and dedicated leaders, and this human aspect should not be underestimated in planning and establishing such management systems.
Costs
The costs for establishing the QMS and implementation of the standards amounted to h148 981, accreditation fees not included. Supplementary staff had to be hired for this project (Q-manager and one technician); these employees will remain on the payroll for some time after the end of the project. This raises the question as to whether or not it is cost-effective to have untrained staff compose and write Qdocuments as happened during the building phase of our QMS. One could argue that trained employees would have achieved the goal much faster and with a reduced amount 
981h
Implementation of JACIE standards D Zahnd et al of training. However, there are many arguments in favour of relying on existing structures and limiting oneself to existing resources: first of all, the danger is quite high that changes imposed by persons external to the operative staff are not accepted. Secondly, any QMS is completely installed and accepted by collaborators only when it is custom-tailored to the needs of each clinical unit or laboratory. In our opinion, time spent by staff members on documenting specific processes and/or adapting them to their specific needs is an important investment in terms of future acceptability of the Q-System. However, this investment in time and money is important, and not all HPC-transplantation centres will have the necessary resources for the implementation of complex quality rules and regulations. At present, proof that a given management system really improves quality as assessed by clinical outcome and risk prevention is still lacking, and the debate on the value and merits has just begun. 9 Furthermore, regulations are evolving constantly, and new directives (such as the forthcoming EU directives on tissue procurement, processing and storage) may necessitate expensive upgrading of laboratory facilities in order to conform to good manufacturing practice (GMP), and thus might invoke new costs.
Costs of quality
There is currently a worldwide increase in health costs, which is a matter of great concern. One of the factors responsible is the almost exponential rise in administrative work to be carried out in order to comply with an everincreasing number of laws, ordinances and regulations that govern the practice of medicine in developed countries. Ideally, management systems should eventually save costs by such means as restricting the application of complicated and expensive therapies to well-defined indications, and by preventing complications. Obviously however, each controlling system generates salary costs for its own administration and for that of the system. It has been shown that Q-management can save costs only if it is part of total quality management (TQM, with inclusion of patients, clients and employees), which allows identification of an optimum ratio of savings and expenses by balancing costs and benefits. 10 Unfortunately, when passing laws that impose adherence to a QMS, politicians seldom consider cost/benefit ratios, and safety and/or regulatory measures are usually overemphasized. Despite widespread usage of QMS in health systems, only a few attempts at cost analysis exist. 4 To our knowledge, no report on the costs of implementing FAHCT, FACT or JACIE standards has been published to date. This is surprising since exact figures pertaining to establishing and running such complex systems should provide important parameters for planning new facilities such as HPC-transplantation units.
Quality improvement
A well-documented QMS is never a goal in itself. It survives only if it leads to measurable improvements in areas such as risk prevention and improvement of clinical end points (eg outcome parameters). It is interesting to note that the problem of how to measure quality improvement in a realistic way has been poorly addressed so far. 4 At our centre, we tried to solve this problem by setting defined and measurable clinical and laboratory parameters as end points, such as success of cell collection after mobilization, bacterial contamination after cell processing, side effects during high-dose therapy and transplantation, duration of aplasia, morbidity, mortality and others. This will allow comparison with and statistical analysis of data from previous reports 7 after the first year of implementation, while afterwards data from the following years may be compared with each other in a prospective setting. The questions of whether or not the implementation of JACIE standards results in measurable quality improvement, and whether or not the expected improvement is cost-effective can only be answered in the years to come.
Conclusion
In conclusion, the first step of our study could show that in a mid-sized University Hospital, JACIE standards can be implemented within a period of 14 months, provided that planning and execution are carried out within a general quality strategy as approved by the management. However, the whole process is demanding at times, it creates a sizeable amount of additional work for regular staff members who are involved in the different transplantation phases, it generates over-time working, and it may be accomplished only by the employment of supplementary staff for help with administrative tasks. In our case the total costs for the entire implementation process amounted to an estimated h150 000. The costs generated by maintaining the QMS, and the impact of the introduction of JACIE standards on the quality of HPC-transplantation will be assessed after the first year of implementation in the second step of our study.
